Health care access is an important policy concern, especially in rural areas. It is especially challenging in developing countries, where rural residents are poorer and less likely to be insured than those living in urban areas. Using the case of Liberia, this paper examines the effects of transport connectivity on health care access. The Ebola crisis in 2014 and 2015 clearly revealed the vulnerability of the country's transport and health systems to unexpected external shocks. Paying particular attention to the possible challenge of endogeneity associated with infrastructure investment, the study found that transport connectivity, especially greater road density, can increase access to health care, but there was no significant effect of road quality. This may be because of significantly skewed underlying data. The vast majority of roads in Liberia are in poor condition. The study also found that the statistical effect of road density varies depending on distance from a health facility. The effect is particularly significant within a 30-to 50-kilometer radius. Not only rural accessibility, but also broader transport connectivity needs to be developed to increase health care access.
I. Introduction
Health care access is an important challenge in rural areas, particularly in developing countries. It is generally difficult for people who live in remote areas to access good-quality health services (e.g., Gamm et al. 2003; Institute of Medicine 2005; Bourke et al. 2012 ).
Even in the United States, rural residents of Washington State were less likely to visit the emergency department than their urban counterparts (Lishner et al. 2000) . According to Laditka et al. (2009) , rural residents are more likely to be hospitalized for ambulatory caresensitive conditions in the United States. This could be prevented if people had better access to primary care, but because they do not, their condition tends to deteriorate.
Limited health care access in rural areas is attributed to demand and supply constraints. The demand for health services is weak in rural areas, holding everything else constant, because rural residents tend to be poor. Subscription to health insurance is generally lower in rural areas (e.g., Jovanovic et al. 2003) . Without insurance, rural U.S. residents are less likely to use emergency medical services (Fan et al. 2011) . Remoteness and unavailability of transport services increase costs further for rural residents (e.g., Klemick et al. 2009 ). Rural dwellers' travel distance to health facilities is much longer than that of urban dwellers (Gamm et al. 2003) . In rural areas, other social and economic facilities also tend to be scattered or nonexistent, which also reduces demand for health care. Nemet and Bailey (2000) show that not only distance, but also people's activity space, including grocery shops and community centers, determines health care usage.
On the supply side, rural areas generally have fewer doctors and nurses. In the United States, approximately 20 percent of the total population lives in rural areas, but only 9 percent of physicians practice in rural areas . The quality of health care services provided in rural areas may also be low. Rural physicians often see more patients than urban doctors do and therefore may have to compromise the level of services they provide. Bronstein et al. (1997) show that rural health services are cheaper but that fewer episodes include outpatient facility charges and that fewer ancillary services are provided.
Supply and demand constraints are complex in developing counties. Particularly in SubSaharan Africa, urban-rural inequality is significant in terms of health care access. In Liberia, for instance, the average distance to a functioning health facility is approximately 7
kilometers. Approximately 40 percent of rural residents must spend more than 2 hours to walk to the nearest health facility (Kruk et al. 2010) . In Zambia, approximately 75 percent of urban residents, but only 30 percent of rural residents, live within 2 kilometers of the nearest health facility (Zambia Central Statistical Office 2012).
The current paper examines the effect of transport connectivity on health care access in Liberia. Before the Ebola crisis, Liberia was experiencing robust economic growth, at more than 7 percent on average, mainly driven by strong natural resource exports such as iron ore and rubber. The majority of people engage in subsistence farming, with limited market access, and live below the poverty line. The national poverty rate was estimated at 63. To examine the effect of transport connectivity on health care access, this paper uses newly collected spatial data at the facility level with the potential endogeneity issue associated with infrastructure placement taken into account. Although attribution is weak, the paper shows that road infrastructure is important to meet health care demand in rural Liberia. The following sections are organized as follows: Section II provides an overview of the road network and health facilities in Liberia. Section III describes data and methodologies. Section IV presents main estimation results and discusses policy implications. Section V concludes.
II. Transport connectivity in Liberia
Liberia is one of the poorest countries in the world. Gross domestic product per capita was US$457 in 2014. -5 -The poor condition of the road network limits residents' mobility, especially in rural and remote areas (figure 2). Using georeferenced road condition data, transport costs to bring one unit of goods to a major market were calculated using spatial software. In principle, if road conditions are bad, road user costs tend to be high and travel speed low, which increases time costs. From each location, the optimal route was selected to minimize the total transport cost to reach a city with more than 15,000 residents. Transport costs are relatively low along the Monrovia-Ganta Corridor, which has recently been rehabilitated, but significantly higher in some remote inland areas (figure 3). There is an extensive network of health facilities comprising hospitals, health centers, and clinics in Liberia. Although not complete, 618 facilities were mapped in our data (figure 4). It is estimated that approximately 90 percent of the population has access at least to a clinic within 10 kilometers, but access to the higher level of health services provided at hospitals is more limited; less than 40 percent of the population lives within 10 kilometers of a hospital.
Some of the facilities are located in remote and disconnected areas, which not only limits access to health care, but also increases the country's vulnerability to unexpected external shocks, such as the Ebola pandemic. This study investigated the relationship between transport connectivity and people's access to health care.
Figure 4 Location of Health Care Facilities

III. Methodology and data
The following simple, reduced-form equation was used to examine the possible effect of transport connectivity on health care access.
Health care access (y) at facility i is determined according to transport connectivity (TR) and other characteristics of the facility (X). Three outcome variables are used to measure health care access: number of patients receiving a medical consultation at the outpatient department of each health facility (OPD), number of malaria cases treated (MAL), and number of babies delivered at each facility (DEL).
Two traditional transport indicators are used to indicate transport connectivity (TR): road density (RDDEN), which is focused on an area within a 10-kilometer radius of each health facility, and share of roads in good condition within the same area (GDRD). This allows examining whether the quantity or the quality of roads is more important in facilitating access to health care. The threshold of 10 kilometers was selected because approximately half of the total population lives within 10 kilometers of a hospital or health center in Liberia (figure 5).
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Other thresholds were examined to check the robustness of the estimation results. This was estimated using the location data for health facilities and spatial population distribution data developed by WorldPop. 3 There are more than 520 health clinics in Liberia, but there are no detailed operational data. supervision of trained health personnel. To control for differences between facilities, the number of beds (BED) was used as a proxy for each institution's capacity. A dummy variable for health centers (CENTR), as opposed to hospitals, is also included in X. Health centers generally have less capacity than hospitals. In addition, to control for the size effect, population density within a 10-kilometer radius of each facility, calculated using the global population data set, WorldPop (POPDEN), was included. In populated areas, it is expected that more people will visit a health facility regardless of transport connectivity. An empirical challenge to estimating Equation (1) Cove (Buchanan), Mississippi Colony (Greenville), and Cape Palmas (Harper), affects development of the road network but is not necessarily directly related to residents' access to health care. The straight-line distance to the nearest historic port is calculated (DIST), and these three variables in logarithm are used as instruments for RDDEN or GDRD. Exogeneity and validity will be examined empirically.
IV. Main estimation results
Ordinary least squares estimation performed for each of the health care access outcomes (OPD, MAL, and DEL) shows that road density has a significant effect on all these health care outcomes; with more roads, more people can take advantage of health care services (table 1) . The coefficients vary depending of outcome measurements. The number of visiting patients has the largest coefficient. This reflects all types of medical demand.
Contrary to prior expectations, the quality of roads does not seem to influence people's health care access. This may mean that road development should be given higher priority than road improvement, given the level of road development in Liberia. From an empirical point of view, it may also be true that the effect of road quality was not detected because the share of roads in good condition is too small, at 14 percent on average.
In addition to transport connectivity, population density affects health care access, with demand for health care access higher where population density is lower, holding everything else constant. There are two possible reasons for this. First, health service demand may be higher in rural or remote areas, although this is unlikely, because our poverty variable was found to be insignificant. In rural areas in Liberia where population density is low, poverty is high. Thus, the negative coefficient of population density is less likely to capture the effect of remoteness, and the demand for health care services does not differ regardless of poverty.
The effect is insignificant.
Another possible reason is that the demand for health care services per health facility is lower where population density is high and many health facilities coexist. This is more likely to be the case in Liberia. Hospitals and health centers are concentrated around Monrovia, and as a result, population density has a negative effect on health care access per facility.
The capacity of hospitals affects the number of babies born there. The coefficients of BED are always positive and significant; health facilities with more capacity, measured according to number of beds in our analysis, can attract or absorb more needs for delivery. Not surprisingly, development of the physical capacity of health facilities is important in improving access to health care. County-specific fixed effects are incorporated into the model to take into account potential differences between facilities. Because some counties have only one hospital or health center in our data, only eight county-specific dummy variables are used. The poverty variable was omitted because it is a county-specific variable in our data.
The results are not different from the above (table 3) . Although road density has an important effect on health care access, road quality measured according to the share of good roads does not seem to matter much. The needs for health services are relatively high where population density is low, because there are fewer hospitals and health centers in such areas. Hospital capacity is an important determinant of the number of babies delivered. With more capacity, more patients can be treated. The above results may be biased if the transport variables are endogenous. To examine this, the instrumental variable technique is used. The analysis is focused on the model with road density, which was found to be statistically significant. The results are broadly consistent with the above (table 4). Higher road density results in greater health care access in terms of total visiting patients and babies delivered. The results indicate that transport connectivity is exogenous. The traditional exogeneity test is performed; the test statistics are found to be lower than the critical value, except in one case-the regression on OPD with county dummy variables. In this case, the exogeneity hypothesis can be rejected at the 10 percent significance level. The coefficient of RDDEN is still positive and significant, confirming the importance of road density. The overidentifying restriction test is always rejected at the conventional significance level, meaning that our instruments are less likely to be correlated with the dependent variables.
One may be concerned about the robustness of the results against our transport variables.
Ordinary least squares regression is performed with different thresholds applied for road density (table 5) , and the results are broadly consistent with the above, where a threshold of 10 kilometers was used; there is greater health care access where there are more roads and road density is high, although the statistical significance of the effect of road density decreases with the threshold of the distance from a health facility. The statistical significance in the model of the total number of patients disappears when road density is measured within a 50-kilometer radius. For institutional deliveries, road density has a significant effect only when it is measured within a 30-kilometer distance. The results indicate the importance of broad transport connectivity up to a 30-to 50-kilometer distance from a health facility. The policy implications for Liberia are straightforward-when transport infrastructure development increases health care access, particularly access to high-level health facilities, it is important to develop not only rural accessibility, but also broader transport connectivity.
The supporting coverage depends on the type of health care services. 
V. Conclusion
Health care access is an important policy concern, especially in rural areas. This is especially challenging in developing countries, where residents are poorer and less likely to be insured than those in urban areas. In addition, doctors are less available in rural areas. Supporting infrastructure services, such as electricity and transport connectivity, are less favorably compared in rural areas. The international donor community has been making significant efforts to increase rural health care access in many countries.
Using the case of Liberia, this study examined the effect of transport connectivity on health care access. In Liberia, rural health care access is an important challenge. The Ebola crisis in 2014 and 2015 clearly revealed the vulnerability of the country's transport and health systems to unexpected external shocks. Although most urban residents have good access to health care services, many rural people do not have any hospital or health center within 10 kilometers.
With particular attention paid to the possible problem with endogeneity associated with infrastructure investment, this study also found that transport connectivity, especially greater road density, can increase access to health care, but no significant effect of road quality was found. This may be because of significantly skewed underlying data; the vast majority of roads are in poor condition in Liberia. The study also found that the statistical effect of road density varies depending on distance from a health facility. The effect is particularly significant within a 30-to 50-kilometer radius. This confirms that, to improve health care access, it is important to develop not only rural accessibility, but also transport connectivity over a broader area. The optimal coverage depends on the type of health care services. A 30-to 50-kilometer distance is recommended given the current road network and locations of health facilities.
